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ABSTRACT 

Cancer chemoprevention by natural and synthetic agents offers significant promise for reducing the incidence and 
mortality of cancer.In this regard, diosgenin, [(25R)-Spirost-5-en-3-beta-ol, 22alpha-Spirost-5-en-3beta-ol] was tested 
against 7, 12-dimethylbenz[a]anthracene (DMBA)-croton oil model of skin carcinogenesis in Swiss albino mice. 
The topical application of 5mg/Kg body weight diosgenin showed significant reduction in tumor yield, tumor burden and 
cumulative number of papillomas in Group II, III and IV mice in comparison to the carcinogen control. Elevation in the 
percent inhibition of tumor multiplicity and latency in tumor appearance were evident. Histological studies depicted 
change in both the epidermis and the dermis of treated animals. All the diosgenin treated groups documented regression of 
neoplastic changes. Scanning electron micrograph revealed regions of comparatively reduced keratinization and 
sub-normal epithelial surface compared to damaged surface in carcinogen control. Transmission electron micrograph of 
carcinogen control mice recorded disrupted epithelial cells, ruptured cell membrane and rigorous impact on mitochondria 
that were reduced significantly when treated with diosgenin. This controlled study on animal model identifies the 
chemopreventive efficacy of diosgenin for appropriate testing of hypothesis based on observational studies on humans. 
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INTRODUCTION 

In recent years, growing interest has been focused on the field of cancer prevention. Cancer chemoprevention is 
defined as the use of chemical agents in healthy individuals to block, reverse, or delay the development of invasive cancer. 
Cancer prevention by chemopreventive agents offers significant promise for reducing the incidence and mortality of 
cancer. 

Carcinogenesis in general is a complex multi-step process that requires the accumulation of multiple genetic and 
epigenetic events (Hahn and Weinberg, 2002). In multi step carcinogenesis process, the inhibition of tumor promotion is 
regarded as an effective strategy for cancer chemoprevention, because tumor promotion occurs by repetitive exposure to 
tumor promoters in long term (Murakami et al., 1999). 

Skin cancer chemoprevention is regarded as a useful model for cancer chemoprevention in general 
(Richmond and Viner, 2003). Amongst many poly aromatic hydrocarbons that are used in the etiology of skin cancer, 
7, 12-dimethylbenz[a]anthracene (DMBA) is the most potent initiator that has ability to damage DNA and produce cancer 
in lesser time than any others (Slaga, 1984). Croton oil is the most potent promoting agent for the mouse skin hyperplasia. 
The active component of croton oil is 12-0-tetradecanoylphorbol-13-acetate (TP A), is a diester of phorbol and a potent 
tumor promoter often employed in biomedical research to activate the signal transduction enzyme protein kinase C (PKC) 
(Neideletal., 1983). 
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The 7, 12-dimethylbenz [a] anthracene (DMBA)- 12-(9-tetradecanoyl-phorbol-13-acetate (TPA) model of skin 
carcinogenesis involves initiation, promotion and progression and provides ample scope for studying the stage specific 
effect of chemopreventive compound (Slaga, 1984). Chemical carcinogenesis in mouse skin continues to help in the 
identification of important molecular and immunological pathways involved in cutaneous malignancy (Filler et al., 2007). 

Diosgenin, also known as (25R)-Spirost-5-en-3-beta-ol, 22alpha-Spirost-5-en-3beta-ol and nitogenin, a steroidal 
sapogenin is a product of hydrolysis of saponin. Diosgenin has been shown to possess wide range of activities from various 
sources. It naturally occurs in Costus speciosus, Smilax menispermoidea, species of Paris, Trigonella, Trillium and many 
species of Dioscorea. Since first isolated from Dioscorea tokoro in the 1930s (Yang, 1981), diosgenin became very 
important compound in the pharmaceutical industry as it is a natural source of various steroidal drugs. It can be absorbed 
through gut and plays an important role in the control of cholesterol metabolism (Roman et al., 1995). Estrogenic effects of 
diosgenin have also been demonstrated by several workers (Derrida, 2003; Rao et al., 1992). Diosgenin has shown 
regenerative effects on skin aging (Tada et al., 2009). Diosgenin has shown antiviral potential in vitro against hepatitis C 
virus. It is also used as a dietary supplement, in combination with interferon-a, exerted an additive effect on the resultant 
anti-HCV activity (Wang et al., 2011). Recently, anti-thrombosis effect of diosgenin extract from Dioscorea 
zingiberensis is reported (Gong et al., 201 1). 




Figure 1: Chemical Structure of Diosgenin [(3p, 25/?)-spirost-5-en-3-ol] 

All these observations warrant a possible link between diosgenin and prevention of skin carcinogenesis. 
Therefore, the present study was an endeavor to examine the chemopreventive potential, if any of diosgenin using two 
stage skin carcinogenesis model in Swiss albino mice. 

MATERIALS AND METHODS 
Test Material 

Diosgenin [IUPAC name: (3P, 25R)-spirost-5-en-3-ol; C 21 Yi n 3 , (414.62 g mol" 1 ), E.C. 208-134-3] was 
purchased from Sigma-Aldrich Co., St. Louise, USA (lot no.079K1096). Diosgenin was applied topically at a dose of 
5mg/Kg body weight of mice. 

Test Animals 

Randomly bred Swiss albino mice were (Mus musclus) maintained in the animal house, Department of 
Biotechnology, Gauhati University, Guwahati and sacrificed as per the guidelines of Animal Ethical Committee of Gauhati 
University (Regd. No.902/AC/05/CPCSEA). Both male and female mice of 5-6 weeks of age weighing about 20+ 2g were 
used. The hairs on the dorsal side of the mice were clipped off before the commencement of the experiment and kept under 
observation for 7-10 days. Mice that showed no or minimum hair reappeared were selected for the study. 

Experimental Design- DMBA Induced Skin Carcinogenesis 

Mice were segregated in four groups of 6 animals each. All groups received topical application of initiator, 
DMBA and promoter, croton oil. The effect of vehicle was observed for 7 consecutive weeks without any apparent change 
in dorsal skin of mice, hence not continued further (Bharali et al., 2003). Details of treatment are presented in Table 1. 
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The chemopreventive potential of diosgenin was investigated by the method of Berenblum and Shubik (1947) for 15 
consecutive weeks. 

The parameters that were studied includes cumulative number of papillomas, tumor incidence (percentage of 
papilloma bearing mice), tumor yield (average number of papillomas per mouse), tumor burden (papillomas per papilloma 
bearing mouse), percent inhibition of tumor multiplicity and average latent period of tumor occurrence. 



Table 1: Experimental Design- DMBA Induced Skin Carcinogenesis in Swiss Albino Mice 





No. of 
Animal 


Treatment 


I (Control) 


6 


Single topical application of DMBA (0. 1 %), followed by croton oil 
( 1 % in acetone) application thrice a week till the end of the experiment. 


II 


6 


DMBA and croton oil as in group I + topical application of diosgenin 
(5mg/Kg b.w. in acetone/day) for 14 days (7 days before & 7 days after 
DMBA application). 


III 


6 


Topical application of diosgenin (5mg/Kg b.w. in acetone/day) for 91 
days (from croton oil treatment). DMBA and croton oil as in group I. 


IV 


6 


Topical application of diosgenin (5mg/Kg b.w. in acetone/day) for 105 
days (7 days before DMBA application and continued to end of 
experiment). DMBA and croton oil as in group I. 



Statistical Analysis 

All the results are expressed as mean + S.D. of 6 animals. Statistical differences between the experimental groups 
were determined by One Way Analysis of Variance (ANOVA) followed by Dunnett test at 0.05 significance level using 
Graph Pad Prism ver. 5.03, Graph Pad Software, San Diego, California, USA. 

Histological Study 

To further investigate the effect of diosgenin on 7, 12-dimethylbenz[a]anthracene (DMBA) induced skin 
carcinogenesis, the animals were sacrificed at the end of the experiment (after 15 weeks) and dorsal skin of mice was 
considered for histological study. Affected skin, skin with papillomas as well as skin of normal mice were placed in 
formalin and dehydrated with graded alcohols. Tissues were embedded in paraffin after xylene treatment. Serial microtome 
sections were stained in haematoxylin and eosin to differentiate the nucleus and cytoplasm respectively (Kehar and Wahi, 
1967). 

Scanning Electron Microscopic Study 

To investigate any kind of change in surface organization during experimental induction of skin carcinogenesis, 
dorsal skin of mice was considered for scanning electron microscopic study (SEM Model: JSM-6360 -JEOL). Tissues 
were primarily fixed in Karnovsky's Fixative (Karnovsky, 1965). Dehydration was carried out in graded doses of acetone 
and dried in Tetra Methyl Sialane (Dey et al., 1989). The specimens were mounted on brass stubs and silver coated. 

Transmission Electron Microscopic Study 

To investigate any kind of change in internal organization of the cells during experimental induction of skin 
carcinogenesis, dorsal skin of mice was considered for transmission electron microscopic study (TEM Model: JEM-2100). 
Tissues were fixed in Karnovsky's Fixative (Karnovsky, 1965). Dehydration was carried out in graded doses of acetone 
and the samples were transferred into BEEM® capsules and polymerized. Ultrathin sections obtained with RMC MTX 
cryo- ultramicrotome were collected onto grids. Grids were double stained using uranyl acetate and Reynold's lead citrate. 
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RESULTS AND DISCUSSIONS 



The chemopreventive effect of diosgenin on DMBA induced skin carcinogenesis was determined in terms of 
papillomas appearing on the shaven back of Swiss albino mice. Papillomas that persisted for two weeks or more were 
recorded at weekly intervals. Results of parameters studied have been recorded in the Table 2. The topical application of 
diosgenin did not affect the body weight during the experimental period. Papilloma started appearing from 6-12 weeks 
during exposure to the initiator and promoter depending on treatment groups. 

Table 2: Chemopreventive Potential of Diosgenin on DMBA Induced Skin Papillomagenesis in Mice 



Cumulative 
Ni 



% 

Inhibition 



Average 




Body Weight 
(g) (Mean + 



I (N=6) 


19+1. 

83 


21.1+2 
.07 


107 


100 


10.7 


10.7 




5.4 


II (N=6) 


18+1. 
61 


22.3+1 
.30 


81 


79.7 


8.1* 


8.1* 


53 


6.6 


III 

(N=6) 


19+1. 

12 


22.6+2 
.05 


37 


54 


3.7* 


4.5* 


76 


9.6 


IV 

(N=6) 


19+1. 
68 


23.2+1 
.45 


22 


41.4* 


2.2* 


2.9* 


85 


11* 



N in parenthesis=Number of mice in each group; *significancant among different groups at P<0.05 

The application of diosgenin showed significant reduction in tumor yield, tumor burden and cumulative number 
of papillomas in Group II, III and IV in comparison to the carcinogen control (Group I). Elevation in the percent inhibition 
of tumor multiplicity and marked latency in the appearance of tumors were noticed in all the modulator treated groups. 
Similar chemopreventive potential of citrus pulp and juices (Tanaka et al., 2012a), carotenoids (Tanaka et al., 2012b), 
synergyl and soybean (Gourineni et al., 2011), a plant coumarin from Gelsemium sempervirens (Bhattacharyya et al., 
2010) against 7,12-dimethylbenz[a]anthracene induced skin carcinogenesis are in recent literature. Fenugreek seeds that 
contain the steroidal sapogenin, diosgenin have shown similar protective effect against 7, 12-dimethylbenz[a] anthracene 
(DMBA) in rats (Amin et al., 2005). 

In a study carried out by McLean et al. (2001), fak+ / - heterozygous mice displayed reduction in the number of 
papilloma when treated with 7, 12 dimethylbenz[a]anthracene and was correlated with reduced Focal Adhesion Kinase 
(FAK) protein expression in the skin. 7, 12-dimethylbenz[a]anthracene induces a mutation of H-ras and provides possible 
explanation for suppression of papilloma formation when FAK protein is limiting. 

Histological Findings 

At the end of the experiment, sections of skin from interscapular papilloma of mice and skin of normal mice were 
processed for histopathological studies. In the untreated mice, normal cellular architecture of the skin was observed 
(Figure 2A). 
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Figure 2: Histopathology of Dorsal Skin of Swiss Albino Mice. A- Normal (Negative Control), B- Group I 
(Positive Control), C-Group II, D - Group -III, E-Group IV. Original Magnification: 100 x 

Group I (control) animal skin showed presence of keratinized tissue along with hyper -plastic stratified squamous 
epithelial cells, increase in dermal inflammatory infiltrate, proliferation of basal epidermal layer. Central mass of 
degenerative and necrotic cells surrounded by neoplastic cells were also evident (Figure 2B). The keratins of the 
papillomas display greater heterogeneity, particularly among the high-molecular-weight keratins (Nelson and 
Slaga, 1982). In Group II animals, the dermo -epidermal junction showed gross disorganization of surrounding connective 
tissue, basement membrane (BM) material was decreasing, proliferated fibroblasts were noticed along with keratinized 
whorl (Figure 2C). Similarly, Tarin (1967) has observed small gaps in the basement membrane accompanied by the 
accumulation of fragmented material in mice skin papillomagenesis. Group III animals depicted pleomorphism of the 
proliferating cells arranged in clusters and excessive melanin pigments and cell homing (Figure 2D). In Group IV animals, 
remnants of stratum corneum (SC) could only be seen with disorganised stratum granulosum (SG) layer. The stratum 
basale depicted regular collagen fibres in the dermis layer and focal penetration by some hyper plastic cells (HC) (Figure 
2E). Devasena et al. (2003) reopted that decreasing the expression of phospholipase A and C are responsible for prevention 
of tumor formation and improving the histological features including dysplasia and cellular pleomorphism. 

Scanning Electron Microscopic Findings 

Dorsal skin of normal mice showed distinct well aligned surface with intact hair in and cornified layer 
(Figure 3A). 
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Figure 3: Scanning Electron Micrograph of Mouse Dorsal Skin: A-Normal, B-Group I, C-Group II, D- Group III, 
E-Group IV. LB-Lipocytes Boundary, H-Hair, K-Keratinization, RBC-Red Blood Cell, CF- Collagen Fibres, 

HK-Hyper-Keratosis, NS- Normal Surface 

Group I (carcinogen control) animal micrograph revealed no integrity among surface epithelial cells. A no. of 
lesion with damaged lipocytes boundaries (LB) could be seen (Figure 3B). Chauhan et al. (1993) observed necrotic 
epidermal cells with breakage in delicate collagenous structure surrounding the lipocytes on mouse skin. 
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Figure 4: Trasmission Electron Micrograph of Mouse Dorsal Skin: A-Normal, B, C-Group I, D, E-Group II, 
F, G-Group III, H, I-Group IV. CL- Cornifled Layer, CB-Cell Boundary, D-Desmosomes, M-Mitochondria, 
De-Dermis, Double Arrow-Inclusion Bodies, N- Nucleus, NO- Nucleolus with Degeneration of Nuclear Membrane 

(Arrow), PCV-Phagocytic Vacuole, Open Arrow- Degenerated Mitochondria, TF-Tonofilaments, RER-Rough 
Endoplasmic Reticulum, SV- Small Vesicle, ER- Endoplasmic Reticulum, ECM-Extra Cellular Matrix, V- Vesicle, 

Close Headed Arrow- Free Ribosomes 

Group II animals showed disrupted collagen fibers, reduced keratinization and damaged surface with red blood 
cells (Figure 3C).Tarin (1967) observed a decrease in the size of collagen fibres during skin tumor promotion. Group III 
animals depicted regions of hyper- keratinization (Figure 3D). However, Group IV animals also showed 
hyper -keratinization but some regions revealed completely normal epithelial surface (Figure 3E). 

Transmission Electron Microscopic Findings 

Figure 4(A-I) are transmission electron micrograph of experimental animals. Normal mice depicted regular 
structure of epidermis and dermis. Carcinogen control mice showed disrupted epithelial cells with focal thickening and 
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ruptured cell membrane. Swollen mitochondria with multiple round electron-dense inclusion bodies and loss of cristae 
were spotted. Rajeswari et al. (2003) observed papillomatous skin tumor samples with similar focal parakeratosis and 
acanthosis of the epidermis. Group II mice revealed increased intercellular gap, degeneration of nucleus, disintegrating 
nucleolus, lysosome forming phagocytic vacuole. Group III animals recoded increased number of membrane bound small 
vesicle, intact endoplasmic reticulum, mitochondria and smaller size nucleolus. The decrease in nucleolus size was also 
observed in a study which was correlated to positive effect of the modulator (Raick and Burdz, 1973). Group IV animals 
had nucleated and anucleated layers similar to normal skin with tight adherence between keratinocytes of different layers. 
Large number of cells showed distinct cell organelles like nucleus, mitochondria with cristae, desmosomes, free ribosomes 
and extra cellular matrix which suggests protective role of diosgenin from carcinogenic effect of DMBA. Raick and Burdz 
(1973) had also proposed that appearance of compact cytoplasm with intact mitochondria may protect the cell from the 
carcinogenic effect of DMBA. 

CONCLUSIONS 

Cancer chemoprevention is a pharmacological approach to intervene with the objective of arresting or reversing 
the process of carcinogenesis. The reversibility of tumor promotion provides an opportunity to interrupt or delay the 
development of altered lesions resulting in tumor formation. The chemoprevention seeks to eliminate precancerous cells in 
order to avoid the necessity of chemotherapy. Therefore, assessment of chemopreventive potential of diosgenin bears a 
significant value. A dose of 5mg/Kg body weight/day for 15 weeks at peri-initiational stage, at promotional stage and 
together at peri and post initiational stages revealed a significant reduction in tumor yield, tumor burden and cumulative 
number of papillomas in all the diosgenin treated groups. An elevation in the percent inhibition of tumor multiplicity and 
latent period of tumor occurrence were also recorded. Histological and ultra-structure analysis further confirmed that 
diosgenin is highly effective against DMBA induced skin carcinogenesis. 

Thus, new compounds with cancer chemoprevention potential can be assessed on animal carcinogenesis model. 
In near future, chemopreventive strategies must identify subsets of the population at greater risk for cancer development 
and should target toward those groups. However, interpolation of outcome from animal studies to humans requires caution. 
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